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* Honorable Edward J. King
Governor of the Commonwealth of

Massachusetts
State House
Boston, Massachusetts 02133

Dear Governor King:

Inclosed is a copy of the Central Street Dam (MA-00340) Phase I I "
Inspection Report, prepared under the National Program for Inspection of
Non-Federal Dams. This report is based upon a visual inspection, a

review of the past performance and a brief hydrological study of the
dam. I approve the report and support the findings and recommendations
described in Section 7 and ask that you keep me informed of the actions

*taken to implement them. This follow-up action is vitally important.

Copies of this report have been forwarded to the Department of Environ-
mental Quality Engineering, and to the owner, Saxonville Realty Trust
Company, 2 Central Street, Framingham, MA 01701. Copies will be
available to the public in thirty days.

I wish to thank you and the Department of Environmental Quality
Engineering for your cooperation in this program.

Sincerely,

sIncl soC. 
E. EDGAR, III

As st- t Colonel, Corps of Engineers
NTIS GRAhI Commander and Division Engineer
DTIC TAB
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NATIONAL DAM INSPECTION PROGRAM

PHASE I INSPECTION REPORT
,-..

Identification No: MA 00340
Name of Dam: Central Street Dam
Town: Framingham
County and State: Middlesex County, Massachusetts
Stream: Sudbury River
Date of Inspection: November 12, 1979

BRIEF ASSESSMENT

Central Street Dam is a 24-foot high composite masonry and earth dam
consisting of a 182-foot wide masonry spillway forming the right half of the dam, a 40-
foot long by 15-foot wide masonry/earth retaining wall section located just to the left .
of the spillway, and an earth embankment extending from the retaining wall to the left
abutment. It is believed that the dam was constructed around 1900 to impound water
for use at the Roxbury Carpet Company (now known as the Saxonville Industrial Park).
Currently, there are two 14-inch diameter pipes used to provide process water to the
Industrial Park. P

Saxonville Pond extends for a distance of approximately 1.5 river miles upstream
, "of the dam and covers a surface area of approximately 64 acres at normal pool

elevation. The 86 square mile drainage basin for Central Street Dam includes several
reservoirs and many developed urban areas. At the top of dam Elevation 150.0, the
storage capacity is 840 acre-feet.

The dam is classified as a "Small" size, "High" hazard structure based on its
height, storage capacity, and potential for property damage and loss of life in the
event of a dam failure. The principal damage center is located approximately 0.5
miles downstream of the dam in the vicinity of Concord Street and includes several
commercial and residential buildings. Because the height of the dam is on the low side
of the height range for a "Small" size structure, a test flood equivalent to one-half of
the PMF has been chosen.

Under the assumed conditions, the peak inflow and outflow rates are 10,000 cfs.
The peak outflow corresponds to a reservoir stage of 1.3 feet above the top of the
dam. The spillway capacity, assuming a pool elevation at the top of the dam, is equal
to approximately 55 percent of the routed test flood outflow.

. . .. . . . . . . . . ..-. .-. . . .*.° ., ,*, . •..-" .--- ". -. •. - . '. .. ,.-- .- , - - -.- .- - , - - .- . -. .. . • -.j



Based upon visual examination of the site, it appears that Central Street Dam is
in fair condition. The stability of the right side stone masonry abutment wall and the
stone masonry portion of the dam located just to the left of the spillway is
questionable due to the extent of the cracking, undermining, tree growth, and wall
displacement. Furthermore, the condition of the spillway could not be adequately
assessed because of the large quantity of water flowing over the weir at the time of
the inspection. The earth embankment portion of the dam appears to be in
satisfactory condition.

Within one year after receipt of this Phase I inspection report, the Owner should
retain the services of a qualified registered professional engineer and implement the
results of his evaluation of the following: 1) a detailed hydraulic study to determine
the discharge capacity of the dam when Saxonville Pond floodwaters start to overflow
Central Street in the area of Centennial Place or the low area near the easterly side
of Hallett Road. This study would determine what flood damages could occur in these
overflow areas during major floods and then recommendations could be made for
specific actions to be taken to minimize or eliminate these possible damages. These
recommendations might include, but not be limited to, the lowering of the spillway
crest, removal of the flashboards, the etablishment of an emergency plan in which
sandbags would be placed across these two overflow areas; 2) a detailed Inspection
during reservoir drawdown of all masonry construction including the spillway and
especially the spillway abutment walls and the abandoned gate structure to the left of
the spillway; 3) an investigation of the seismic stability of the dam.

In addition, the Owner should implement the following operation and main-
tenance measures: 1) remove trees and brush present on the crest of the dam and
growing through cracks in the stone masonry construction; 2) repair all the stone - -
masonry construction as required; 3) develop and implement an ongoing operation and
maintenance program to Insure the future integrity of the dam; 4) institute a program
of annual technical inspection; 5) develop a formal surveillance and flood warning plan,
including round-the-clock monitoring of the dam during periods of heavy precipitation ..
and/or runoff; and 6) remove the flashboards during the summer to increase the
project discharge capacity.

O'BRIEN & GERE ENGINEERS, INC.

" 'F Date- :7"- -

New York Registration No. 050794. ..
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This Phase I Inspection Report on Central Street Dam (MA-00340)
has been reviewed by the undersigned Review Board members. In our
opinion, the reported findings, conclusions, and recommendations are
consistent with the Recommended Guidelines for Safety Inspection of
Dams, and with good engineering judgement and practice, and is hereby ""=
submitted for approval.

Wate. ontrol Branc-...)
Engiern Dvson

ARAMAST MAHTESIAN, MEMBER
Geotechmical Engineering Branch
Engineering Division

CARNEY M. TERZIAN, CHAIRMAN
Design Branch 0
Engineering Division

APPROVAL RECOMMENDED:

JOE B. FRYAR
Chief, Engineering Division
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations. Copies of
these guidelines may be obtained from the Office of Chief of Engineers,
Washington, D.C. 20314. The purpose of a Phase I Investioation is to identify
expeditiously those dams which may pose hazards to human life or property. The 0
assessment of the general condition of the dam is based upon available data and
visual inspections. Detailed investigation, and analyses involving topographic
mapping, subsurface investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation: however, the investigation is
intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported condition of
the dam is based on observations of field conditions at the time of inspection along
with data available to the inspection team. In cases where the reservoir was
lowered or drained prior to inspection, such action, while improving the stability and
safety of the dam, removes the normal load on the structure and may obscure
certain conditions which might otherwise be detectable if inspected under the l..
normal operating environment of the structure.

It is important to note that the condition of a dam depends on numerous and
constantly changing internal and external conditions, and is evolutionary in nature.
It would be incorrect to assume that the present condition of the dam will continue
to represent the condition of the dam at some point in the future. Only through
continued care and inspection can there be any chance that unsafe conditions be
detected.

Phase I inspections are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the Spillway Test
flood is based on the estimaLed "Probable Maximum Flood" for the region (greatest
reasonably possible storm runoff), or fractions thereof. Because of the magnitude
and rarity of such a storm event, a finding that a spillway will not pass the test
flood should not be interpreted as necessarily posing a highly inadequate condition.
The test flood provides a measure of relative spillway capacity and serves as an aid
in determining the need fnr more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the downstream damage .
potential.

The Phase I Investigation does not include an assessment of the need for
fences, gates, no-trespassing signs, repairs to existing fences Rnd railings and other
items which may be needed to minimize trespass and provide greater security for
the facility and safety to the public. An evaluation of the project for compliance
with OSHA rules and regulations is also excluded.

.........................
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The peak outflow for the test flood would also be about 10,000 cfs, which would
correspond to a reservoir stage of 1.3 feet above the spillway crest (1.3 feet above the
top of the dam). The spillway capacity at the crest of dam Elev. 150.0 is 5470 cfs,
which is approximately 55 percent of the routed test flood outflow.

5.5 Dam Failure Analysis

A failure of the Central Street Dam was simulated through the use of the HEC-l-
DB computer program, assuming a 75-foot wide by 20-foot deep breach with vertical 0
side slopes would develop within one hour from the start of the failure. Failure was
assumed to occur with the pool level at spillway crest in the first case and at the top
of the dam for the second case. The resulting outflow in each case was routed to the
main damage center, located approximately 0.5 miles downstream of the dam along
Concord Street. The damage center is located on the right overbank of the Sudbury -

River and consists of a gas station, lumber yard, other commercial establishments and 6
residences (Pg. C-9). The channel cross-section at this point is shown on sheet D-6. A
breach of the dam for either case could cause excessive property damage and the
possible loss of more than a few lives. The peak flows at the damage center for each
case were 6,140 cfs and 9,760 cfs, respectively.

The breach analysis computed a stream depth of 9.3 feet (4.3 feet above the 6
right channel bank) at the flood impact area for the first case. The depth of the flow
in the channel at the flood impact area immediately prior to failure, was judged to be "
negligible for the first case. For the second case, the breach analysis computed a
stream depth of 11.2 feet (6.2 feet above the right channel bank) at the flood impact
area. The depth of flow at the flood impact area immediately prior to failure for the
second case was computed to be 8.3 feet (3.3 feet above the right channel bank).

5-2
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SECTION 5

EVALUATION OF HYDRAULIC/HYDROLOGIC FEATURES

5.1 General

The Central Street Dam drainage basin comprises approximptely 86.0 square S
miles of mostly forested land with about 10 percent of the area inundated by
reservoirs and 25 percent of the area developed for residential, commercial and
industrial purposes. Major bodies of water include Sudbury Reservoir, Whitehall
Reservoir, Hopkinton Reservoir, Ashland Reservoir, Framingham Reservoir No. 1,
Framingham Reservoir No. 2, and Framingham Reservoir No. 3.

Developed areas within the drainage basin include portions of the Towns of
Framingham, Marlborough, Westborough, Ashland, and Southborough. All of these
towns lie on major water courses or tributaries of the Sudbury River which ultimately
carries runoff to Saxonville Pond. Elevations within the drainage basin range from
Elevation 707 at the Fay Mountain Lookout Tower in Westborough to Elevation 144.8
at the spillway crest.

5.2 Design Data

Hydraulic and hydrologic data used for the design of Central Street Dam is not
available, according to the Owner's representative.

5.3 Experience Data

The flood of record in Framingham occured in August, 1955, as a result 12.5
inches of rain which fell over a three-day period during Hurricane Diane. The
maximum water level recorded at the dam during that period was Elev. 149.2. A
corresponding peak outflow of 4,400 cfs was recorded. Further experience data may
be obtained from the Saxonville Local Protection, Design Memorandum No. 1, entitled
"Hydrologic Analysis", prepared by the Corps of Engineers, New England Division.

5.4 Test Flood Analysis

The recommended test flood range for a "Small" size, "High" hazard dam is from
one-half of the Probable Maximum Flood (PMF) to the full PMF. Because the height
of the dam is on the low side of the height range for a "Small" size structure, a test
flood equivalent to one-half of the PMF has been chosen.

The Corps of Engineers has calculated a Standard Project Flood (SPF) of 10,000
cfs for Central Street Dam (Ref. Saxonville Local Protection, Design Memorandum
No. 1, Hydrologic Analysis). Since the SPF generally ranges between 40 percent and
60 percent of the PMF, a one-half PMF value of 10,000 cfs is considered to be a
reasonable estimate.

5-1
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SECTION 4

OPERATION AND MAINTENANCE PROCEDURES .

4.1 Operational Procedures

a. General. Responsibility for the regulation of the pool level by inserting or !
removing stop logs and the operation of the 4-foot wide by 6-foot high sluice gate
which regulates the discharge to the 54-inch diameter bypass pipe, is under the
jurisdiction of the Town of Framingham Engineering Department. According to the
Town Engineer, Mr. Fred Sargent, the sluice gate is normally open at all times.
Personnel from the Saxonville Industrial Park have obtained permission from the
Owner to operate the gate valves on the two 14-inch diameter process water lines to .
the Industrial Park. The Saxonville Realty Trust Company is responsible for the
installation, removal and maintenance of the boards on the crest of the spillway.

Further information with regard to operations, relative to the Saxonville Local
Protection Project, is contained in the Operation and Maintenance Manual prepared by
the Corps of Engineers.

b. Description of Any Warning System in Effect. Currently, no formal
warning system is in effect. According to the Framingham Director of Public Works,
Mr. James E. Hanscom, the dam would be monitored during periods of high runoff, so
that downstream residents could be alerted in the event of a possible dam failure.

4.2 Maintenance Procedures

a. General. Suggested maintenance procedures have been included in an , .
Operation and Maintenance Manual prepared by the Corps of Engineers for facilities
constructed under the Saxonville Local Protection Project. No maintenance
procedures exist for the portions of the dam not associated with the Saxonville Local
Protection Project.

b. Operating Facilities. Other than occasional removal of debris from the
trask rack located at the inlet structure to the 54-inch diameter bypass pipe, no
maintenance procedures are performed on a routine basis, according to the Owner's
representative.

4.3 Evaluation

The current operation and maintenance procedures recommended for the Saxon-
ville Local Protection Project in the Operation and Maintenance Manual prepared by
the Corps of Engineers should be followed. Maintenance of the dam, however, has not -
been satisfactory and should be improved as recommended in Section 7 of this report.

4L

4-1 .1...

j '%

-... :,.-Z ; .- .:.--._- I , - .. ,..- .., -;. i.. ,--.; :t. .- .>:. ;-.::...> .>:>; ,.> >;>,:...::.> :>: .: . 1



Other pertinent items observed during the field inspection of the dam
included two large sluice gate operators on the portion of the dam just to the left of
the spillway, a flood control wall on the left dam embankment constructed by the A--
Corps of Engineers from 1977-79, and an exposed rock ledge at the downstream toe of
the spillway. The gate operators apparently have not been used since the bypass pipe " :
was installed. These features are illustrated on photos included in Appendix C.

c. Appurtenant Structures. The outlets from the dam have recently been
modified as part of the Saxonville Local Protection Project. These modifications
Included the installation of two new 14-inch diameter valves on the process water lines
to the Saxonville Industrial Park and the installation of a new inlet structure equipped
with an upstream trash rack, stop log slots, a 4-foot wide by 6-foot high sluice gate
and a 54-inch diameter pipe. Detailed plans and photos of the inlet structure have
been included in Appendix B and Appendix C, repsectively.

d. Reservoir Area. The reservoir shoreline has slopes varying from about 2 to
20 percent. The area draining to Central Street Dam is primarily forested with an
estimated 10 percent of the basin inundated by reservoirs and 25 percent developed for
residential, commercial and industrial purposes. No slope instability along the
reservoir shoreline is not evident. Siltation is evident in the reservoir.

e. Downstream Channel. The channel has recently been re-aligned and
cleared of all major obstructions under the Saxonville Local Protection Project for a
distance of 0.8 miles downstream of the dam. This work was designed and the
construction supervised by the Corps of Engineers. The bridge at Concord Street, 0.5
miles downstream of the dam, could obstruct high flows. The remainder of the
Sudbury River Channel to the Concord River meanders through generally swampy land
and, for the most part, is located away from populated areas.

3.2 Evaluation

The dam appears to be in fair condition. The visible stone masonry construction
on either side of the overflow section is deteriorated as evidenced by cracking and loss
of mortar, displacement of individual stone blocks, the growth of trees and brush
between the blocks, vertical and horizontal misalignment and spurting seepage (10
gpm) discharging through the outlet conduit gate structure. All of the masonry
construction, including the spillway and especially the spillway abutment wall and the
abandoned gate structure left of the spillway, should be inspected during a period of
reservoir drawdown to more accurately assess their condition. S

3-2
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SECTION 3

VISUAL INSPECTION .

3.1 Findings

a. General. Central Street Dam was inspected on November 12, 1979. At the
time of inspection, water was flowing over the weir crest at a depth of aproximately
1.3 feet and over the flashboards at a depth of 0.1 feet. Because of the large quantity
of water flowing over the spillway, it was very difficult to observe the condition of the
downstream face of the spillway wall. Underwater areas were not inspected. A check
list of observations and comments made during the field inspection is included as
Appendix A of this report.

b. Dam. The dam is approximately 400 feet long, the maximum height near
the left side of the spillway is 24 feet and it has the following major characteristics:

1. The right abutment of the dam consists of a vertical stone masonry wall
which extends from a point approximately 30 feet downstream of the spillway to a
point several hundred feet upstream of the dam. This wall shows signs of slight
settlement, cracking of mortar between the cut granite stones forming its face, and
some undermining at its base downstream of the spillway. These features are
illustrated on photo 3 of Appendix C.

2. The spillway is approximately 182 feet lon, d extends for approx-
imately half the length of the dam. The masonry spillwa appears vertical on its
downstream face. The upstream face of the spillway was completely submerged and,
at the time of the inspection, appeared to be covered either by an upstream
embankment or an accumulation of sediment. Wooden flashboards have been installed
along the top of the spillway. The flashboards are approximately 1.2 feet high and, .
except for a 45 foot section at the left side of the spillway and a few places where the
flashboards have been broken, extended for the entire width of the spillway. The
flashboards were apparently installed to concentrate the discharge along the left side
of the spillway where the outlet channel is located, thereby keeping freezing spray off
Central Street during the winter.

3. The stone masonry spillway abutment wall, the assumed inoperable
outlet conduit gate structure and the embankment retaining walls extending to the left
(east) of the spillway are in poor condition. Significant cracking and loss of mortar
between individual stone blocks is evident. Trees and brush are growing from voids
between the blocks in some locations (refer to pgs. C-2, 4 and 5). The spillway -

abutment wall to the left of the spillway has blocks which are displaced up to 6 inches
from their original positions (refer to pgs. C-2, 4, and 5). Spurting seepage estimated
at 10 gpm was discharging from the abandoned stone masonry gate structure near its
intersection with the Central Street bridge abutment (refer to Pg C-5). It was noted
that remedial grouting of the masonry has been performed in the vicinity of the
leakage. The embankment section of the dam east of the bridge abutment appears to

be in satisfactory condition.

3-1
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4. A copy of the Operation and Maintenance Manual prepared by the Corps
of Engineers for the Saxonville Local Protection Project, was obtained from the Town
of Framingham, Department of Public Works.

No information with respect to the original design and construction of the
dam is available, according to the Owner's representative.

b. Adequacy of Information. Sufficient information has been obtained
through field observations, from data supplied by the Corps of Engineers, and through
subsequent conversations with the Owner's representative and personnel from the town
of Framingham to conduct a Phase I dam evaluation.

c. Validity. It appears that the information obtained with respect to the
recent dam modifications and the construction of the adjacent Saxonville Local
Protection Project are valid.

2-2
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SECTION 2

ENGINEERING DATA .

V- -. •

2.1 Design

According to Mr. John Finley of the Saxonville Realty Trust Company, no design
information is available with respect to the original dam construction. Design data for
construction of the concrete flood wall, the water chamber structure and the L.P.P.,
which extends from the dam downstream to Danforth Street, is available at the Corps
office in Waltham, MA.
2.2 Construction

Construction information is available from the Corps of Engineers, New England
Division, for the Saxonville Local Protention Project. Selected portions of these
construction drawings are included in Appendix B. Information relative to the original
construction of Central Street Dam is not available according to the Owner's re-
presentative.

2.3 Operation

Construction of the Saxonville Local Protection Project between 1977 and 1979
included modifications to existing outlet controls. Two new 14-inch diameter gate
valves operated, as required, by personnel from the Saxonville Industrial Park, were P
installed on the previcusly existing process water lines to the Saxonville Industrial
Park. Construction also included an inlet structure with stop log slots for regulating
pool elevations and a manual ;-operated 4-foot wide by 6-foot high sluice gate used to
control the bypass discharge through a 54-inch diameter pipe. The elevation of the
stop logs and opening of the sluice gate, however, are currently controlled by
personnel from the Town of Framingham, Engineering Department.

2.4 Evaluation

a. Availability. The following information was obtained for the purpose of
preparing this report:

I. The inspection report and associated sketches included in Appendix B
were obtained from the Commonwealth of Massachusetts, DEQE.

2. Pages B-I through B-6 included in Appendix B, were obtained from
recent Corps of Engineers Contract Drawings for the Saxonville Local Protection
Project.

3. The remaining drawings and charts included in Appendix B were
obtained from Design Memorandum No. 1 entitled "Hydrologic Analysis" which was
prepared by the Corps of Engineers, New England Division, for the Saxonville Local
Protection Project.
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h. Diversion and Regulating Tunnel. Not applicable

i. Spillway.

1. Type Overflow drop
2. Length of weir (total with and w/o flashboards) 182 feet
3. Crest Elevation (w/o flashboards, length 45 feet) 144.8
4. Crest Elevation (w/o flashboards, length 137 feet) 146.0
5. Gates None

M 6. Upstream channel None
7. Downstream channel Sudbury River

j. Regulatory Outlets.

1. Invert Elevation 132.2
2. Size 54-inch diameter
3. Description Bypass Pipe
4. Control Mechanism Manually-operated sluice gate.

1-6
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9. Total Project Discharge at Test Flood Elevation. The total project

discharge, including flow through the 54-inch diameter pipe, is approximately 10,300

cfs at test flood Elev. 151.3.

c . Elevation. (NGVD)

. . Streame at.. Toe of Dam 126.0

2. Bottom of Cutoff Unknown

*3. Maximum Tailwater Unknown

4. Normal Pool 144.8

5. Full Clood Control Pool NA

6. Spillway Crest (Ungated) 144.8

7. Design Surcharge Unknown

8. Top of Dam 150.0

9. Corps of Engineers Wall
(Part of Saxonville Local Protection Project) 155.2

10. Test Flood Surcharge 151.3

d. Reservoir Length. (Feet)

1. Normal Pool 9,200

2. Flood Control Pool NA

3. Spillway Crest Pool 9,200

4. Top of Dam 9,500

5. Test Flood Pool 9,600

e. Storage. (Acre-Feet)

1. Normal Pool 400

2. Flood Control Pool NA

3. Spillway Crest Pool 401

4. Top of Dam 840

5. Test Flood Pool 990 :..:

f. Reservoir Surface. (Acres)

1. Normal Pool 64 - ',

2. Flood Control Pool NA

3. Spillway Crest 64

4. Top of Dam 106

5. Test Flood Pool 125f

g. Dam Data.

1. Type Masonry/Earth Embankment
2. Length 400 feet

3. Height 24 feet

4. Top Width Varies

5. Side Slopes (Upstream) Unknown, Submerged
(Downstream) Vertical

6. Zoning Unknown

7. Impervious Core Unknown

B. Cutoff Unknown

9. Grout Curtain Unknown
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Street in the winter, flashboards were installed, thus diverting discharge to the left
end of the spillway.

* 1.3 Pertinent Data

a. Drainage Area. The area draining to the Sudbury River upstream of the
*Central Street Dam includes several bodies of water which are Sudbury Reservoir,

Whitehall Reservoir, Hopk inton Reservoir, Ashland Reservoir, Framingham Reservoir
No. 1, Framingham Reservoir No. 2, Framingham Reservoir No.3, and several other
small lakes and ponds. It is estimated that these bodies of water comprise
approximately 10 percent of the drainage basin area. The remaining area is 70 percent
forested and 30 percent developed for residential, commercial and industrial purposes.
Portions of Framingham, Marlborough, Westborough, Ashland and Southborough are
included in the developed areas.

The total drainage area is approximately 86.0 square miles and ranges in
elevation from 144.8 at the spillway crest to 707 at the Fay Mountain Lookout Tower
in West borough.

b b. Discharge at Damsite

1. Outlet Works. There are three operable outlets which discharge from
the water chamber structure: two 14-inch diameter process water lines for the
Saxonville Industrial Park and a 54-inch diameter bypass pipe recently installed under
the flood control wall, which was constructed by the Corps of Engineers from 1977-
1979. The capacity of the process water lines is not known, but the discharge from the

54-inch diameter bypass pipe is estimated to be 260 cfs at normal pool elevation.

2. Maximum Known Flood. The flood of record for the Sudbury River at
Central Street Dam occurred over a three day period, from August 17 to 19, 1955.
The peak discharge for this event was 4400 cfs with the corresponding stage in the
impoundment at Elev. 149.2.

3. Ungated Spillway Capacity at Top of Dam. The spillway capacity at top
of dam Elevation 150.0, is 5470 cfs.

4. Ungated Spillway Capacity at Test Flood Elevation. At test flood
elevation 151.3, the ungated spillway capacity is approximately 10,000 cfs.

5. Gated Spillway Capacity at Normal Pool Elevation. Not Applicable.

6. Gated Spillway Capacity at Test Flood Elevation. Not Applicable.

7. Total Spillway Capacity at Test Flood Elevation. (See 4 above)

B. Total Project Discharge at Top of Dam. The total project discharge,
including flow through the 54-inch diameter bypass pipe, is estimated to be 5790 cfs at
top of dam Elevation 150.0.

1-4
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The breach analysis computed a stream depth of 11.2 feet (6.2 feet above
the right channel bank) at the flood impact area for the situation with the reservoir
surface at the top of the dam. The depth of flow at the flood impact area
immediately prior to failure was computed to be 8.3 feet (3.3 feet above the right 3
channel bank) with the reservoir surface at the top of the dam. For a dam breach with
the reservoir surface at the spillway crest, the stream depth at the flood impact area
would be 9.3 feet (4.3 feet above the right channel bank). The depth of flow in the
channel at the flood impact area immediately prior to failure would be negligible with
the reservoir surface at the spillway crest.

Because of these conditions, the hazard classification for Central Street
Dam is "High".

e. Ownership. The dam is owned by the Saxonville Realty Trust Company, 2
Central Street, Framingham, MA 01701,Telephone: (617) 877-8001.

f. Operator. Mr. Fred Sargent, Engineer for the Town of Framingham
(Telephone: (617 875-8646), is currently responsible for the operation and main-
tenance of the 54-inch diameter bypass pipe and sluice gate plus the associated
stoplogs and trash rack. This system is located in the left portion of the dam under
the flood control wall built by the Corps of Engineers.

Wors wllAccording to Mr. Sargent, it is expected that the Department of Public
Works will soon assume this responsibility. In that event, the Director of Public
Works, Town of Framingham, Mr. James E. Hanscom (Telephone: (617) 872-4391),
would be the responsible person.

Control of the flow of water to the Saxonville Industrial Park, through two
14-inch diameter gate valves on the process water lines, has been assigned to Mr.
Thomas Maroneski (Telephone: (617) 877-8001) by the Saxonville Realty Trust Coin-
pany. The Saxonville Realty Trust is responsible for the installation, removal and
maintenance of the flashboards on the crest of the spillway.

idig. Purpose of Dam. Central Street Dam was most likely constructed for

industrial water supply purposes. Currently, the dam impounds water for industrial
. purposes.

h. Design and Construction History. The dam was originally constructed
about 1900 to impound water for the Roxbury Carpet Company (now known as the
Saxonville Industrial Park). Further design and construction information is not
available according to the Owner's representative, Mr. John Finley. Information on
the 175 feet long concrete flood wall and the water chamber (inlet) structure built in
1977-1979 is available at the Corps office in Waltham, MA; the town engineer has the
construction drawings for these modifications.

i. Normal Operating Procedures. According to the Owner's representative,
there are no operating procedures followed on a routine basis. Personnel from the
Industrial Park operate the 14-inch diameter gate valves which control the amount of
water supplied to the factory. The gate for the 54-inch diameter bypass pipe is usually
in the open position. The flashboards and the spillway appear to have not been
maintained for several years. To reduce spray, which would turn to ice on Central
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Street. Approximately 8 river miles further downstream in the Town of Wayland, the
Sudbury River is joined by Wash Brook. From that point, the Sudbury River winds

I approximately 12 river miles in a northerly direction to the Town of Concord, where it
joins the Assabet River to form the Concord River, a principal tributary of the

Merrimack River.

b. Description of Dam and Appurtenances. Central Street Dam is a com-
posite masonry and earth dam which impounds water from the Sudbury River to form
Saxonville Pond. The dam is approximately 400 feet long and has a maximum height of

- 24 feet. A vertical stone masonry wall adjacent to Centennial Place forms the right
abutment of the dam. From this wall the masonry spillway extends 182 feet to
another masonry wall (photo 4, appendix D) which continues for about 40 feet and then

• ties into a new concrete wall. This 175 foot long wall along the left embankment was
constructed by the Corps of Engineers in 1977-79 to prevent floodwaters from the
pond from overflowing onto Central Street and into the Village of Saxonville.

The outlet works at the dam have also been modified by the Corps as part
of the Saxonville Local Protection Project (L.P.P.) contract. This modification

* included installation of a new water chamber structure (inlet) with an upstream trash
r rack, stop log slots, a 4-foot by 6-foot sluice gate, 54-inch diameter discharge pipe to

the downstream channel and 14-inch diameter valves on the process water lines to the
Saxonville Industrial Park. Detailed plans and photos of the inlet structure are
included in appendix B & C, respectively.

The improvements to the outlet works and the construction of the 175-foot
concrete wall were necessary as part of the Saxonville Local Protection ProjectI (L.P.P.). The L.P.P. is located along the left bank of the Sudbury River and extends
from the Central Street Dam to the Danforth Street Bridge, a distance of about 3,800

* feet. Project features consist of 2,500 feet of earth dikes, 1,340 feet of concrete
* floodwalls, channel realignment, a pumping station, a vehicular flood gate and other

appurtenant works. The L.P.P. was designed for a Standard Project Flood of 10,000
cfs with a minimum freeboard of two feet. The project was constructed over a period

* of three years from 1977 to 1979 to provide flood protection to the Village of
Saxonville.

c. Size Classification. Central Street Dam has a maximum height of 24 feet
" and a maximum storage capacity of 840 acre-feet with the water surface at the top of

the dam. Because the maximum height is less then 40 feet and the maximum storage
-is less then 1,000 acre-feet, Central Street Dam is classified as a "Small" size
-i structure.

d. Hazard Classification. Because of the construction of the Saxonville Local
. Protection Project in 1979, the downstream flood impact area is now located in an

L" area approximately 0.5 miles downstream of the dam along Concord Street on the
right side of the river. Several commercial and residential buildings in this area could
experience excessive damage and the possible loss of more than a few lives could
occur with a breaching of Central Street Dam. In addition, excessive property damage
and possible loss of life could be experienced in the area to the left of the Concord
Street Bridge if the flood gates are not closed during a flood event.
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NATIONAL DAM INSPECTION PROGRAM
PHASE I INSPECTION REPORT

I CENTRAL STREET DAM

SECTION I

PROJECT INFORMATION

1.1 General

n a. Authority. The National Dam Inspection Act (Public Law 92-367) was
passed by Congress on August 8, 1972. This Act authorized the Secretary of the Army
to initiate, through the Corps of Engineers, the National Program for Inspection of

. Dams throughout the United States. Responsibility for supervising inspection of dams
in the New England Region has been assigned to the New England Division of the Corps
of Engineers.

L O'Brien' & Gere Engineers, Inc. has been retained by the New England
Division to inspect and report on selected non-federal dams in the Commonwealth of
Massachusetts. Authorization and Notice to Proceed were issued to O'Brien & Gere by
a letter dated November 6, 1979 and signed by Colonel William E. Hodgson, Jr.
Contract No. DACW 33-B0-C-0014 has been assigned by the Corps for this work.

U b. Purpose of Inspection. The purpose of inspecting and evaluating non-

federal dams is to:

' 1. Identify conditions which would threaten public safety and make the
*- Owner aware of any deficiencies to permit him to correct them in a timely manner;

-2. Encourage and prepare the states to initiate effective dam safety
*-programs for non-federal dams as soon as possible.

3. Update, verify and complete the National Inventory of Dams.

" 1.2 Description of Project (Information with regard to this dam was obtained from
the Corps of Engineers, the Town of Framingham and the Massachusetts Department

. of Environmental Quality & Engineering (DEQE).)

a. Location. Central Street Dam, often referred to as the Saxonville Dam, is
. located in the Town of Framingham, Massachusetts. The Watershed Map from the

Saxonville Local Protection, Design Memorandum No. 1, entitled "Hydrologic Anal-
ysis", prepared by the Corps of Engineers, New England Division, has been included as
Figure 1 on page vi of this reRort to illustrate the location. USGS reference
coordinates for this site are N 42 19.5' and W 710 24.1'. The major drainage center,
that area most likely to be adversely affected by a failure of Central Street Dam, is
located approximately 0.5 miles downstream of the dam in the vicinity of Concord

..
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SECTION 6

EVALUATION OF STRUCTURAL STABILITY

6.1 Visual Observations

The dam appears to be in fair condition. The visible stone masonry construction
on either side of the overflow section is deteriorated as evidenced by cracking and loss
of mortar, displacement of individual stone blocks, the growth of trees and brush
between the blocks, vertical and horizontal misalignment and spurting seepage (10
gpm) discharging through 'the outlet conduit gate structure. Several photos of these
conditions are included in Appendix C.

6.2 Design and Construction Data

The only design and construction data obtained for this site are related to
construction of the Saxonville Local Protection Project between 1977 and 1979.
According to the Owner's representative, drawings of the original dam construction
are not available.

6.3 Post Construction Changes

The U.S. Army Corps of Engineers designed and supervised construction of
certain facilities at the dam site between 1977 and 1979. Modifications to existin
dam facilities included installation of new gate valves on two existing 14-inch
diameter process water lines serving the Saxonville Industrial Park, construction of a
54-inch diameter outlet used to bypass flows around the spillway and construction of a
concrete wall about 175 feet long on the crest of the dam beginning from the left
abutment. Drawings of these modifications are included in Appendix B.

6.4 Seismic Stability

The dam is located in Seismic Zone 3 on the "Seismic Zone Map of Contiguous
States." Therefore, according to the recommended guidelines for Phase I Safety

* Inspection of Dams, a seismic stability analysis should be performed as recommended
in Section 7.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS & REMEDIAL MEASURES

7.1 Dam Assessment

a. Conditions. Based upon a visual examination of the site, It appears that
Central Street Dam is in fair condition. The visible stone masonry construction on
either side of the spillway is deteriorated as evidenced by cracking and loss of mortar,

. displacement of individual stone blacks, vegetative growth between the blocks,
vertical and horizontal misalignment and spurting seepage (10 gpm) discharging
through the outlet conduit gate structure. Furthermore, the condition of the spillway
could not be adequately assessed because of the large quantity of water flowing over

" the weir.

b. Adequacy of Information. Sufficient Information has been obtained
through field observations, from data supplied by the Corps of Engineers, and through
subsequent conversations with the Owner's representative and personnel from the
Town of Framingham to conduct a Phase I dam evaluation.

. c. Urgency. The recommendations and remedial measures described in this
section should be implemented within one year from the date of receipt of this report.
However, because of the large quantity of water flowing over the spillway, it is
recommended that further inspection be performed during a period when the reservoir
can be drawn down below the spillway crest.

-.* 72 Recommendations.

It is recommended that the Owner retain the services and implement the
recommendations of a qualified registered professional engineer, experienced in the
design and construction of dams, for the following purposes:

I. Perform a detailed hydraulic study to determine the disc'-arge capacity
.: of the dam when Saxonville Pond floodwaters start to overflow Central Street in the

area of Centennial Place of the low area near the easterly side of Hallett Road.
Determine what flood damages could occur in these overflow areas during major floods

* and then recommend specific actions to be taken to minimize or eliminate these
possible damages. These recommendations might Include, but not be limited to, the
lowering of the spillway crest, removal of the flashboards, the establishment of an

. emergency plan in which sandbags would be placed across these two overflow areas.

L 2. All of the masonry construction, including the spillway and especially
the spillway abutment wall and abandoned gate structure east of the spillway, should

*: be inspected during a period of reservoir drawdown to more accurately assess the
condition of these structures.

3. An investigation of the seismic stability of the dam (utilizing con-
ventional equivalent static load methods) should be performed.

7-1
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7.3 Remedial Measures

a. Operation and Maintenance Procedures. The Owner should also implement
the following operation and maintenance procedures:

1. Trees and brush present on the crest of the dam and growing through
"* the cracks in the mortar of the stone masonry construction should be removed.

2. All stone masonry construction should be repaired as required.

P 3. Develop and implement an ongoing operation and maintenance program
-" to insure the future integrity of the dam.

4. Institute a program of annual periodic technical inspection.

5. A formal surveilance and flood warning plan should be developed,
- including round-the-clock monitoring during periods of heavy precipitation.

6. The flashboards should be removed during the summer to increase
project discharge capacity.

ft- 7.4 Alternatives

No valid alternatives to the recommendations described above are considered
*- feasible for this site.
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VISUAL INSPECTION CHECK LIST

INSPECTION TEAM ORGANIZATION

Project: C'~i "-7 i- 'z' 2

National .0. #I: 14*1,4 c #

Location: ~C21' ~ ~ 1ast #s e

Type of Dam: e-- 141A71- '-

Inspection Date(s): k.ie e- ' / Z

Weather: -e'a / /.' n ' x

Pool Elevation: ,463MSL

* Inspection Team

Leonard Beck O'Brien & Gere Structures
Steven Snider O'Brien & Gere Foundations & MaterialsIAlan Hanscom O'Brien & Gere Structures
Rodney Georges Bryant & Associates Hydrology/Hydraulics

* *Mr. .John J. Williams, Vice-President, O'Brien & Gere has visited the site but not
necessarily in conjunction with the inspection team.

* Owner's Representative

Xle
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VISUAL INSPECTION CHECK LIST -

Project: ''~'~ / p

National I.D. #: 4f14 0034C)

I Date(s): 4r ~ e- /R /? 35

AREA EVALUATED CONDITIONS --

DAM EMBANKMENT

Crest Elevation

Current Pool Elevation 6 ~

- Maximum Impoundment to Date "e e4-f e

*Surface Cracks Al

Pavement Condition

Movement or Settlement of Crest

Lateral Movement ~~

Vertical Alignment .4*-

Horizontal Alignment 4e,.. 4?",

Condition at Abutment and at Concrete -

Structures

Indications of Movements of Structural 4 ,11 74,-L 1-* 71 7
* Items on Slopes

* Trespassing on Slopes

Vegetation on Slopes 'O .- '-C9 "

Sloughing or Erosion of Slopes or Abutments C

L Rock Slope Protection - Riprap Failures



VISUAL INSPECTION CHECK LIST

- ~Project: 4"76-7 '9'e

- National I.D. #: ~~ e'*e

AREA EVALUATED CONDITIONS

* DAM EMBANKMENT (Con't)

- Unusual Movement or Cracking at or near Toes

* ~Unusual Embankment or Downstream Seepage ~~4~

* ~Piping or Boils ~.

Foundation Drainage Features ~- ~

- Toe Drains

U ~Instrumentation System 44

aA-



VISUAL INSPECTION CHECK LIST

Project: &'# - /--"<

* National .0. #I: 4f O30

Date(s): 11'ie'37- 2 /7?

AREA EVALUATED CONDITIONS

* CONCRETE/MASONRY DAM

* Crest Elevation &

* Current Pool Elevation

Maximum Impoundment to Date 70 O~ .1c-e- - e-7

Any Noticeable Seepage ,

Conditions of Abutment

I Drains

* ~Water Passages ,f,

Found ation

Masonry/Concrete Surface Cracks Y4 t'r 97

Structural Cracking .o5 e' #,

Vertical and Horizontal Alignment j,,

Monolith Joints ~~e~ ~~/.s

* Construction Joints

*Upstream Embankment 6,;- C- P -e eat" /

* Instrumentation System

* Inspection Galleries

.................- 1.



VISUAL INSPECTION CHECK LIST

Project:_6e "/ /-~ 2~_

National I.D. /: ~ 3~6

AREA EVALUATED CONDITIONS

I OUTLET WORKS - SPILLWAY WEIR, APPROACH
AND DISCHARGE CHANNELS

* a. Approach Channel"ae

General Condition

* Loose Rock Overhanging Channel

* Trees Overhanging Channel

Floor of Approach Channel4<

b. Weir and Training Walls

General Condition of Concrete ea oee- e-

Rust or Staining e e'r.?

*Any Visible Reinforcing e, 655I-,e-e~r

Any Seepage or Efflorescence , ~~~,r&

- Drain Holes

c. Discharge Channel

* ~General Condition -/y.- e' ,~i. 'i



VISUAL INSPECTION CHECK LIST

Project: 7-.,,>a/ 5z.s"?

National I.D. 1/: .44-4 ro1

Date(s):- y$~e,$* ,-' p?

AREA EVALUATED CONDITIONS

OUTLET WORKS - 3PILLWAY WEIR, APPROACH
AND DISCHARGE CHANNELS (Con't)

Loose Rock Overhanging Channel

Trees Overhanging Channel

Floor of Channel- 'e

Other Obstructions e ~e-
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APPENDIX C
SELECTED PHOTOGRAPHS OF PROJECT

Page
LOCATION PLAN No.

Site Plan Sketch A S

Regional Plan B

PHOTOGRAPHS
Page

No. No.

1. Looking across the spillway from the left side 1
spillway abutment showing conditions immediately
downstream of the dam.

2. Looking across the spillway from the right side 1
spillway abutment showing conditions immediately
downstream of the dam.

3. Details of right spillway abutment. 2
4. Conditions at the left spillway abutment. 2
5. Inlet details for the 4-foot wide by 6-foot high 3

impoundment regulating gate approximately 200 feet
left of the left side spillway abutment.

6. Discharge from the 54 inch diameter impoundment 3
regulating system about 25 feet downstream from
the left abutment of the spillway.

7. Displacement of masonry blocks on left abutment 4
wall of spillway.

8. 80 year old gate hoists to the left of the left 4
of the left side spillway abutment.

9. Clear seepage through the abutment wall left of 5
the spillway.

n 10. Details of the left side spillway abutment wall 5
showing a tree growing in the wall, displaced
blocks, and the poor condition of the mortar.

11. Downstream channel showing recently completed 6
C.O.E. flood wall from approximately 80 to 550
feet downstream of the dam.

12. House on the right bank of the channel approximately 6
150 feet downstream of the dam. L

13. Looking upstream along the Sudbury River from 7
about 800 feet downstream of the dam showing the
dike and flood wall work recently completed by
the C.O.E.

14. Looking downstream from about 1700 feet downstream 7
of the dam showing the dike, pumping station,

.-" ponding area and sluice gate structure recently
completed by the C.O.E.

L" IL

ILo. L
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Page
No. No.

15. Looking downstream from about 2200 feet downstream 8
of the dam showing the dike, flood wall and street
gate recently completed by the C.O.E.

16. Looking north along Concord Street about 2300 feet 8
downstream from the dam showing a portion of the
area protected by the flood walls and dikes.

17. Looking south along Concord Street showing a portion 9
of the area not protected by the flood walls and
dikes.

18. Lumber yard about mile downstream of the dam on 9
the right side of Sudbury River not protected by the
flood walls and dikes.

19. Sudbury River about mile downstream of the dam 10
showing the flood protection dike on the left and
no flood protection along the right bank.

20. Sudbury River about 3/4 miles downstream of the dam. 10
21. Aqueduct crossing the Sudbury River approximately 11

3 miles downstream of the dam. b-.
22. Channel obstruction about 3 miles downstream from 11

the dam.
23. Reservoir No. 1 dam and spillway approximately 4 12

miles upstream of Central Street Dam on Sudbury
River.

24. Reservoir No. 2 dam and spillway approximately 5 12
miles upstream of Central Street Dam on Sudbury
River.

25. Reservoir No. 3 dam and spillway approximately 5 13
miles upstream of Central Street Dam on Stony
Brook.

26. Sudbury Reservoir dam and spillway approximately 7 13
, miles upstream of Central Street Dam on Stony

Brook.
27. Ashland Reservoir spillway approximately 8 miles 14

upstream of Central Street Dam on Spring Brook.
28. Hopkinton Reservoir spillway approximately 10 miles 14

- upstream of Central Street Dam on Indian Brook.
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DAM (11/12/79)-----T

2. LOOKING ACROSS THE SPILLWAY FROM THE LEFT SIDE SPILLWAY
ABUTMENT SHOWING CONDITIONS IMMEDIATELY DOWNSTREAM OF THE
DAM. (11/12/79)

C-i



3. DETAILS OF RIGHT SPILLWAY ABUTMENT. (11/12/79)

4. CONDITIONS AT THE LEFT SPILLWAY ABUTMENT. (11/12/79)

C-2

.... .. .. .. .... ..



.7,1
5. INLET DETAILS FOR THE 4-FOOT WIDE BY 6-FOOT HIGH IMPOUNDMENT

REGULATING GATE APPROXIMATELY 110 FEET LEFT OF THE LEFT SIDE
SPILLWAY ABUTMENT. (11/12/79)

6. DISCHARGE FROM THE 54 INCH DIAMETER IMPOUNDMENT REGULATING
SYSTEM ABOUT 25 FEET DOWNSTREAM FROM THE LEFT ABUTMENT OF
THE SPILLWAY. (11/12/79)

C-3 .

p
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9. CLEAR SEEPAGE THROUGH THE ABUTMENT WALL LEFT OF THE SPILLWAY.
(11/12/79)

10. DETAILS OF THE LEFT SIDE
SPILLWAY ABUTMENT SHOWING A
TREE GROWING IN THE WALL,
DISPLACED BLOCKS AND THE -

POOR CONDITION OF THE MORTAR.

C-5



11. DOWNSTREAM CHANNEL SHOWING RECENTLY COMPLETED CORPS FLOOD WALL
FROM APPROXIMATELY 80 TO 550 FEET DOWNSTREAM OF THE DAM. (11/12/79)

12. HOUSE ON THE RIGHT BANK OF THE CHANNEL APPROXIMATELY 150 FEET
DOWNSTREAM OF THE DAM. (11/12/79)

C-6
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13. LOOKING UPSTREAM ALONG THE SUDBURY RIVER FROM ABOUT 800 FEET
DOWNSTREAM OF THE DAM SHOWING THE DIKE AND FLOOD WALL WORK
RECENTLY COMPLETED. .(11/12/79)

L_

14. LOOKING DOWNSTREAM FROM ABOUT 1700 FEET DOWNSTREAM OF THE DAM--
SHOWING THE DIKE, PUMPING STATION, PONDING AREA, AND SLUICE -

GATE STRUCTURE RECENTLY COMPLETED. (11/12/79)

C-7
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15. LOOKING DOWNSTREAM FROM ABOUT 2200 FEET DOWNSTREAM OF THE DAM
SHOWING THE DIKE, FLOOD WALL AND STREET GATE RECENTLY COMPLETED.

(11/12/79) -

16. LOOKING NORTH ALONG CONCORD STREET ABOUT 2300 FEET DOWNSTREAM
FROM THE DAM SHOWING A PORTION OF THE AREA PROTECTED BY THE
FLOOD WALLS AND DIKES. (11/12/79)

C-8



17. LOOKING SOUTH ALONG CONCORD STREET SHOWING A PORTION OF THE AREA
NOT PROTECTED BY THE FLOOD WALLS AND DIKES. (11/12/79)

18. LUMBER YARD ABOUT MILE DOWNSTREAM OF THE DAM ON THE RIGHT SIDE
OF SUDBURY RIVER NOT PROTECTED BY THE FLOOD WALLS AND DIKES.
(11/12/79)

C-9
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APPENDIX D

HYDROLOGIC AND HYDRAULIC COMPUTATIONS



27. ASHLAND RESERVOIR SPILLWAY APPROXIMATELY 8 MILES UPSTREAM OF
CENTRAL STREET DAM ON SPRING BROOK. (11/12/79).~~ .. .... ,.

28. HOPKINTON RESERVOIR SPILLWAY APPROXIMATELY 10 MILES UPSTREAM OF
CENTRAL STREET DAM ON INDIAN BROOK. .(11/12/79)

C-14

. . . . . . . . . . . .. . . . . . .

............... ~~I. .. . . . . . .. .. . . .



J -, .-.

25. RESERVOIR NO. 3 DAM AND SPILLWAY APPROXIMATELY 5 MILES UPSTREAM I.-.;

OF CENTRAL STREET DAM ON STONY BROOK. (11/12/79)

.'oO

---

II..,.

26. SUDBURY RESERVOIR DAM AND SPILLWAY APPROXIMATELY 7 MILES UPSTREAM
OF CENTRAL STREET DAM ON STONY BROOK. (11/12/79)

C- 13
!"', .- . ,- .- ,- . , . .. ' • i 'i2



-I

23. RESERVOIR NO. I DAM AND SPILLWAY APPROXIMATELY 4 MILES UPSTREAM
OF CENTRAL STREET DAM ON SUDBURY RIVER. (11/12/79)

24. RESERVOIR NO. 2 DAM AND SPILLWAY APPROXIMATELY 5 MILES UPSTREAMIL OF CENTRAL STREET DAM ON SUDBURY RIVER. (11/12/79)

C-12



21. AQUEDUCT CROSSING THE SUDBURY RIVER APPROXIMATELY 3 MILES -

DOWNSTREAM OF THE DAM. (11/12/79)

7-N



19. SUDBURY RIVER ABOUT MILE DOWNSTREAM OF THE DAM SHOWING THE
FLOOD PROTECTION DIKE ON THE LEFT AND NO FLOOD PROTECTION
ALONG THE RIGHT BANK. (11/12/79)

20. SUDBURY RIVER ABOUT 3/4MILE DOWNSTREAM OF THE DAM. (11/12/79)'

C-lO0'
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